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HAZARDOUS WASTE RESEARCH AND INFORMATION CENTER 
1808 Woodfield Drive 
Savoy, Illinois 61874 
217/333-8940 
Hon. Emil Jones, Jr. 
Senator and Chairman 
April 8, 1988 
Joint Committee on Hazardous waste 
in the Lake Calumet Area 
General Assembly 
Capitol Building 
300 E. Monroe 
springfield, IL 62704 
Dear Senator Jones: 
I am pleased to submit the enclosed design proposal, "A Plan 
for the Comprehensive Evaluation of the Occurrence, Transport, 
and Fate of Ground-Water contaminants in the Lake Calumet Area of 
Southeast Chicago". This design proposal is in response to the 
recommendation made by the Joint Committee on Hazardous Waste in 
the Lake Calumet Area for such a plan. 
The proposed groundwater monitoring network would provide an 
objective measure of the environmental quality of the area and 
would assess whether the Lake Calumet area is harming the quality 
of Lake Michigan water by groundwater seepage. As requested, the 
design proposal includes a schedule and cost estimate. Due to 
previous commitments for Environmental Protection Trust Funds, we 
used research funds available from the Hazardous Waste Research 
and Information Center for this design phase. We are also 
preparing a surface water monitoring plan for the area which we 
will submit in about two weeks. 
If implemented, the enclosed design proposal and the one to 
follow for surface waters, would identify what contaminants are 
present and how they are moving in the area's waters. This 
information is necessary to accomplish the long-term goal 
identified by the Joint Committee to make the area environ-
mentally safe for families and businesses. 
illinois Department of Energy and Natural Resources 
STATE WATER SURVEY DIVISION 
Sincerely, 
li ~~: '!!f!L-
Assistant Director and 
Research Program Manager 
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EXECUTIVE SUMMARY 
The Lake Calumet area of Chicago's Southeast Side has been the 
location for numerous heavy industrial manufacturing enterprises since 
about 1860. For the past several decades the area has been used 
extensively for waste disposal, and now Lake Calumet is surrounded by 
dozens of operating or retired waste handling facilities. Concern over 
the environmental quality of the Lake Calumet area motivated the 
Illinois General Assembly to establish the Joint Committee on Hazardous 
Waste in the Lake Calumet Area. In their December 2, 1987 report, the 
Joint Committee stated that ground-water contamination in southeastern 
Chicago is a significant and growing problem. They recommended that 
the Illinois Environmental Protection Agency and the Illinois 
Department of Energy and Natural Resources develop a ground-water 
monitoring program for the Lake Calumet area. 
In response to the Joint Committee's recommendations, the Ground-
Water Section of·the Illinois State Water Survey, a Division of the 
Illinois Department of Energy and Natural Resources, proposes to 
conduct a comprehensive investigation of the occurrence, transport, and 
fate of ground-water contaminants in the Lake Calumet area. The 
primary outcome of this effort will be the initiation of a long-term 
ground-water quality monitoring program for the area. 
There are four fundamental problems related to understanding and 
characterizing ground-water quality in the Lake Calumet area. These 
are: 
1) lack of a good conceptual understanding of the ground-water 
system in the Lake Calumet area, 
2) lack of sufficient characterization of existing ground-water 
quality in the Lake Calumet area, 
3) lack of understanding regarding the physical interaction of 
ground water in the Lake Calumet area with Lake Calumet and 
Lake Michigan, and 
4) insufficiency of the existing regulatory framework to protect 
and enhance ground-water quality in the Lake Calumet area. 
ix 
Solutions to these problems will be achieved through a vigorous 
research program consisting of field investigations and ground-water 
quality monitoring. The research program will focus on six principal 
objectives: 
1) assimilation of existing information on geology, hydrology, and 
ground-water quality into a conceptual model of the Lake 
Calumet area ground-water system, 
2) evaluation of deficiencies in understanding of the current 
situation regarding the extent and magnitude of interactions 
between ground water in the area and surface water bodies, 
especially Lake Michigan, 
3) development and implementation of data collection activities, 
4) refinement of the conceptual model, 
5) prediction of the transport and fate of contaminants in ground 
water in the Lake Calumet area, and 
6) recommendations for changes in regulatory practices to mitigate 
negative impacts of degraded ground-water quality in the Lake 
Calumet area. 
A systematic approach will be followed throughout this study. 
Previous studies of ground water and hazardous waste handling and 
disposal in the area will be thoroughly reviewed. Prior to 
establishment of a ground-water monitoring network, sampling of 
some existing wells will be performed (where appropriate and feasible) 
for ground-water contamination indicator parameters such as total 
organic carbon, total volatile organic compounds, total dissolved 
solids, and certain metals. An automated database and geographic 
information system (GIS) will be developed to manage the diverse 
information resulting from this study. 
The results of the preliminary research efforts, along with on-
site visual surveys, will guide the selection of the locations and 
depths for dedicated monitoring wells and selection of the chemical 
analytes. Monitoring wells will be installed by using widely practiced 
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State Water Survey methods. Ground-water quality data evaluation and 
reporting procedures will be developed and implemented. 
To develop a better understanding of the direction and rate of 
movement of ground water in the Lake Calumet area, ground-water levels 
will be observed periodically during the study. Seepage experiments, 
also will be performed in Lake Calumet. A flow model of the Lake 
Calumet area ground-water system will be developed as an aid to 
evaluating the interaction of ground-water in the area with Lake 
Calumet and Lake Michigan. It also will aid in the prediction of the 
transport of contaminants in Lake Calumet area ground water. 
The ground-water monitoring program reSUlting from this study will' 
provide the means of assessing current regional ground-water quality in 
the Lake Calumet area. It also will enable the long-term evaluation of 
trends in ground-water quality and the impact of regulatory provisions 
on the protection of ground water. The significance of this 
comprehensive investigation and initiation of a monitoring program is 
that the necessary information will be provided to allow informed 
decisions to be made regarding the protection of public health and 
welfare. 
The study is estimated to require five years to allow for design 
and installation of the monitoring network and collection of sufficient 
data to reliably assess the occurren~e, transport, and fate of 
contaminants in the Lake Calumet area ground water. This multi-phased 
investigation not only will result in the establishment of a long-term 
ground-water monitoring program, but also will provide an objective 
measure of the impact of past, present, and future ground-water 
contamination on surrounding areas and Lake Michigan. Interim reports 
will be prepared to summarize the progress of the study. It is 
estimated that the study will cost between $1 million and $1.5 million 
over the five-year period. 
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Background 
A coiIPR.EHENSIVE EVAIlJATION OF THE OCCURRENCE, 
'l'IlABSPmT. AIm FATE OF GROOlU) VATER. COR'l'AKDIARTS 
IN 'mE LAKE CALDMET AREA OF SOUTHEAST CHICAGO 
D1'l'RODUCTIOR 
Lake Calumet is located approximately 15 miles south of downtown 
Chicago, Illinois and 3 miles west of the Indi.ana border (figure 1). 
The Lake Calumet area has been the site of numerous industrial 
enterprises, from food processing to metal refining, since about 1860 
(Colten, 1985). Originally, no control was exerted over the disposal 
of industrial wastes generated by these facilities. Quite often, Lake 
Calumet and the Calumet River served as the receptors of waste 
discharges, particularly liquid wastes. Solid wastes, composed largely 
of spoil dredged from the bottom of the Calumet River and Lake Calumet, 
mill slag, and other industrial wastes, were dumped on unused land or 
used to fill low-lying areas. Hundreds of acres of land in the area 
were reclaimed by this method (Colten, 1985). 
In more recent times, regulatory controls have attempted to 
curtail such indiscriminate waste disposal practices. However, a 
declining economy, principally in the primary metals industry, has 
allowed a new type of industry to flourish. Waste disposal is now the 
dominant land use in the Lake Calumet area. At least 31 operating or 
retired landfills and waste handling facilities have been documented in 
the Lake Calumet area (Illinois Environmental Protection Agency, 1986). 
The largely unregulated industrial practices of the past combined with 
the induatrial activities of the present, although regulated, provide 
an uncountable number of potential environmental hazards. 
Certainly, industry is not totally responsible for the decline in-
environmental quality. Repeated political decisions have been made to 
locate waste handling facilities in this area. For example, the 
Greater Chicago Metropolitan Sanitary District (GCMSD) alone operates 
several waste treatment facilities in the Lake Calumet area. These 
facilities include wastewater treatment and associated sludge 
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Figure 1. General Lake Cal~met study area 
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drying operations, incineration and associated ash disposal, and large-
scale landfilling operations. The decline in industrial expansion and 
the presence of large tracts of unused land throughout the area have 
increased the attractiveness of the area for waste disposal. 
Until recently, the local population expressed little opposition 
to waste disposal practices in the Lake Calumet area. However, with 
the discovery of contamination in several domestic wells at homes not 
connected to public systems, the local citizenry has become organized 
to oppose the use of this area as a disposal ground for the rest of the 
Chicago area. They have begun to raise questions concerning the long-
term health effects of the presence of the large volumes of hazardous 
wastes in or adjacent to their neighborhoods. Concerns have also been 
raised that past and present disposal practices have made the area 
unattractive to new industries which might consider moving into the 
area. 
Further compounding this problem has been the inability of 
environmental regulations to fully protect the environment, or the 
health and welfare of the impacted population. For example, federal 
Superfund legislation emphasizes the protection of public water 
supplies. Because the primary source of drinking water for the Lake 
Calumet area is Lake Michigan, local ground-water problems do not rank 
high within current Superfund priorities. 
Within the last five years, several studies (e.g., Colten, 1985; 
Illinois Environmental Protection Agency, 1986; and Ross et al., 1988) 
have been undertaken to improve our understanding of the threat posed 
by environmental stresses in the Lake Calumet area. Local citizens 
also have raised questions concerning the health risks posed to 
themselves and their families (Nelson, 1987). Many of the questions 
are unanswered and will remain so until more comprehensive 
investigations of the occurrence, fate, and transport of the 
environmental hazards in the Lake Calumet area can be completed. 
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Most recently, the Joint Committee on Hazardous Waste in the Lake 
Calumet Area (1987) made several recommendations designed to improve 
environmental conditions in the area. While the proposals are cross-
cutting in their treatment of all environmental media (i.e., air, land, 
and water), prominent among them was the call for establishing a 
comprehensive ground-water monitoring network for the area. It must be 
recognized that ground-water monitoring, in itself, will not improve 
the environment. An effective monitoring program will, however, 
improve our understanding of the magnitude and extent of ground-water 
contamination so that better-informed decisions can be made concerning 
the proper corrective measures to implement. This proposal presents a 
plan to initiate a comprehensive, long-term ground-water monitoring 
program in the Lake Calumet area. This plan was developed by the 
Ground-Water Section of the Illinois State Water Survey (with support 
provided by the Illinois Hazardous Waste Research and Information 
Center, HWRIC) for consideration by the Illinois General Assembly. 
Geographic Features 
Lake Calumet is part of a much larger drainage system which will 
be described herein as the Lake Calumet area. In general, this area 
extends south from 95th Street to Sibley Boulevard and west from the 
Indiana state line to Martin Luther King Drive. The Calumet Expressway 
(1-94) passes immediately to the west of Lake Calumet; just east of the 
Indiana state line is the Indiana East-West Toll Road (1-90), which 
intercepts the Chicago Skyway at 106th Street and Lake Michigan. A 
large number of rail services crisscross the area including the 
Chicago, Rockford, and Pacific; the Illinois Central Gulf; the Penn 
Central; and the Norfolk and Western Railroads. 
Topographically the area generally can be described as flat-lying 
and poorly drained. Natural, pre-landfilled, topographic relief was 
less than 10 feet. A unique exception to the flat topography is a 
knoll protruding approximately 20 feet above the general land surface 
just north of 95th Street. This knoll marks the location of the aptly 
named Stony Island, a geologic outcrop which played an important role 
in the formation of Lake Calumet. 
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The primary outlets for water from the Lake Calumet area are the 
Calumet, Grand Calumet, and Little Calumet rivers (figure 1). Surface 
drainage flows either to Lake Michigan or to the Illinois River 
Waterway through the Calumet Sag Channel. The O'Brien Lock and Dam 
located just south of Lake Calumet on the Calumet River controls the 
direction of flow on the river. Flow from Lake Michigan down the 
Calumet River and into Lake Calumet occurs when the gates at the lock 
and dam are open. When the gates at the lock and dam are closed, flow 
is from Lake Calumet toward Lake Michigan (Demissie et al., 1987). 
The most recent USGS 7~' series topographic maps (photo-revised 
1973) do not show the existence of, nor therefore the elevation of, the 
recently developed landfills. Without this information, potential 
changes in drainage patterns created by these man-made topographic 
features are largely unknown. Surface drainage patterns are further 
complicated by highway construction and facility storm drainage 
control. Drainage patterns play an important role in determining the 
movement of contaminants in surface runoff and in potential interaction 
with ground water. These patterns are presently being studied by the 
Surface Water Section of the Illinois State Water Survey under contract 
to the HWRIC. 
Geology and Ground-Water Resources 
The geology and ground-water hydrology of northeastern Illinois 
have been extensively studied and interpreted by several investigators 
(e.g., Suter et al., 1959; Willman, 1971; Visocky et al., 1985). 
Principal emphasis in recent years has been placed on declining ground-
water levels in the Cambrian and Ordovician aquifers and the potential 
for water supply for northeastern Illinois communities (Schicht et al., 
1976; Gilkeson et al., 1983; Sasman et al., 1982). 
The geology of the Lake Calumet area is characterized by 
unconsolidated Quaternary material underlain by thick sections of 
sedimentary rocks. The Quaternary deposits are principally lake plain 
sediments, lacustrine silts and clays, and some sand and gravel. The 
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present Lake Calumet is a remnant of a higher Lake Michigan which 
receded to its present position over 10,000 years ago. The prehistoric 
lake receded, leaving a low, flat plain of lake-bottom fine silts and 
clays. The rocky knoll which marks the present location of Stony 
Island is believed to have deflected southerly-flowing water to the 
east, inhibiting the deposition of coarser materials beneath the Lake 
Calumet location (figure 2). Sandy beach ridges along Lake Michigan 
situated just to the east and south of Lake Calumet are further 
reminders of a once larger Lake Michigan. 
Many of the surficial materials adjacent to Lake Calumet now 
consist of various man-made materials including demolition debris 
(e.g., concrete rubble and stone), incinerator ash, and solid waste. 
Depth to bedrock in undisturbed areas is approximately 65 to 80 feet. 
Depth to bedrock in some filled areas may exceed 125 feet. Well 
records indicate that thin deposits (i.e., 5 to 10 feet) of sand and 
gravel occur at the bedrock surface. These unconsolidated materials do 
not readily yield water to wells and are not considered a viable 
ground-water source even for domestic supplies, which require less 
water than industrial supplies. 
The bedrock surface in the Lake Calumet area is dolomite of 
Silurian age (figure 3). Most small-capacity wells in the area are 
completed in the dolomite at depths of 300 to 400 feet. Depending on 
the size and frequency of the fractures encountered, well yields in the 
dolomite range from 5 to 30 gallons per minute. 
Beneath the dolomite lies approximately 200 feet of Maquoketa 
Shale. The Maquoketa Shale is the major confining unit to underlying 
aquifers throughout northeastern Illinois. The Maquoketa Shale 
separates the dolomite from the underlying Glenwood-St. Peter Sandstone 
and deeper formations. The Glenwood-St. Peter constitutes the 
principal aquifer of the region. Large-capacity wells capable of 
producing at rates of greater than 500 gallons per minute have been 
developed in the Glenwood-St. Peter Sandstone and in underlying 
formations at depths of 1000 feet. According to Kirk et al. (1985), 
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total ground-water withdrawals in 1984 for the six townships 
surrounding Lake Calumet were only 244,000 gallons per day. Nearly all 
(more than 99 percent) of these withdrawals were due to industrial 
pump age from Cambrian-Ordovician aquifers. 
Because of the low elevation of the Lake Calumet area, the water 
table is very near the land surface. In general, the water table 
elevation can be readily observed by surface water elevations in Lake 
Calumet and surrounding ditches. Ground-water elevations in the 
dolomite wells range from 20 to 40 feet below ground surface, 
indicating an overall downward movement of shallow ground water to 
recharge the underlying bedrock. No studies have been conducted to map 
the direction of shallow ground-water movement near Lake Calumet or the 
amount of ground-water discharge into the lake. Similarly, no studies 
have evaluated the impact of local ground-water discharge on near-shore 
Lake Michigan water quality. This study will accomplish these goals. 
9 
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REVIEW OF PREVIOUS ENVIRONKENTAL STUDIES 
Environmental pollution and potential health hazards in the Lake 
Calumet area have been studied to various degrees by both state and 
federal agencies. Although in each of these studies the fate and 
transport of contaminants was a key issue, none has thoroughly 
evaluated the role of ground water in the distribution of contaminants. 
Each report, however, recognizes ground-water pathways as a potential 
contributor to total contaminant exposure, and expresses a need for 
further study on this subject. These reports provide valuable 
background information for a more detailed study of ground water in the 
Lake Calumet area. 
Historical Perspective 
In 1985, a summary of historical industrial activity, waste 
production, and disposal practices in the Lake Calumet area was 
completed by Co1ten (1985). The report attempted to answer the 
following questions: 
1) What types of industries were operating during the years 1869 
to 1970? 
2) What were their by-products? 
3) What quantities of wastes were produced? 
4) Where, and in what manner, were the wastes disposed of? 
Analysis of historic public health documents, insurance maps, 
business directories, GCMSD records, and tonnage receipts for iron ores 
shipped into the harbor provided the answers to some of these 
questions. The resulting body of information was separated according 
to three periods, each of which culminated with a change in the legal 
or technological framework within which waste disposers operated. The 
distribution of industry and the types of disposal facilities in 
existence for selected years within each period are shown in figures 4 
and 5. 
The first historical time period, from 1869 to 1921, encompasses 
the initial alteration of the natural environment and early 
, 
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industrialization of the Lake Calumet area. Steel mills played a major 
role in this process, and contributed to the early phases of waste 
generation. Phenols and cyanide produced during this time were 
expelled into surface waters, and they then accumulated in lake and 
river bottom sediments. Spent sulfuric, nitric, and muriatic acids, 
used to remove rust from steel, also were probably discharged into the 
Calumet River. A variety of organic wastes were probably produced by 
the large number of grain handling facilities in the area. These 
wastes are believed to have been dumped on the premises or at nearby 
dump sites. Lead and vegetable oils were used in producing paint 
products, and white lead, 2-naphthol, p-nitroaniline, toluene, acetic 
acid, and lithopone were used to produce arsenic-based insecticides. 
Fly ash was also disposed of and is likely to have contributed 
siliceous and acidic leachates. The disposal practices used during 
this period caused irreversible alteration of the wetlands surrounding 
the lake. 
Waste management practices improved somewhat during the second 
time period, between 1922 and 1940, as more efforts were made to treat 
industrial effluent prior to its discharge to the Calumet River. In 
1922, the flow of the Calumet River, and consequently the flow of much 
of the waste entering the river, was diverted from Lake Calumet to the 
Mississippi River drainage basin. The same types of waste products 
were produced as in previous years; however, greater quantities than 
ever before were being generated. Although some attempts were made to 
treat waste discharge, records show that the majority of the increasing 
number of facilities did not treat their liquid wastes prior to 
discharge. Thus the contamination problem was further compounded. 
The third time period, from 1940 until 1970, saw 1andfi11ing 
emerge as the major waste disposal method. The federal Water Pollution 
Control Act of 1948 facilitated provision of federal loans for 
connecting industry with municipal sewage treatment facilities. This 
Act, by placing an emphasis on cleaning up surface waters, caused more 
disposal of wastes on the land. Attempts to reduce additional 
pollution were somewhat successful; however, contaminants previously 
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introduced into the environment were not removed and have continued to 
pose a potential threat to human health. 
Colten's study showed 51 disposal sites known to have existed 
during the years 1869-1970. The potential hazard of each disposal site 
was predicted by using a numerical ranking technique (U.S. Environ-
mental Protection Agency, 1978). The hazard of the disposed material, 
soil permeability, length of site existence, and distance to 
residential areas were ranked numerically, and their sum for each site 
was compared to a highest, "worst case" score of 38. None of the sites 
evaluated in the Lake Calumet area ranked above a value of 30. The 
greatest health risk was determined to exist for residences built on 
top of old landfills (Colten, 1985). The report suggested that areas 
with the highest scores should be given priority in considerations of 
cleanup procedures or detailed study. The need for a better 
understanding of how contaminants might be distributed in the 
environment was stressed, and ground water was recognized as an 
important mode of contaminant transport. 
Illinois Environmental Protection Agency Assesa.ent 
In 1986, the Illinois Environmental Protection Agency (IEPA) 
completed an assessment of environmental pollution and public health 
impacts in the Lake Calumet area (Illinois Environmental Protection 
Agency, 1986). The IEPA evaluated the findings of previous studies and 
conducted some small-scale field testing. Over 1000 pollution control 
inspections, 562 compliance inquiry letters/warnings, 120 compliance 
conferences, and 26 enforcement cases were documented in the study. 
The purposes of the report were to develop a comprehensive volume of 
environmental data for use as a baseline by other studies, to provide 
citizens with an educational document for decision making, and to 
determine what corrective actions were needed. Water, air, and land 
pollution were assessed, and their effects on public health were 
discussed. A complete list of the contaminants identified by the IEPA 
is presented in Table 1. 
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Table 1. Chemicals Found in Illinois Environmental Protection Agency 
Land, Water and Air-Pollution Assessment 
(from Illinois Environmental Protection Agency, 1986) 
Land Pollution 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 
Benzene 
Toluene 
Xylenes 
Ethylbenzene 
Pyridine 
Methylpyridine 
Dibutylphthalate 
Water Pollution 
Ammonia 
Lead 
Zinc 
Cyanide 
Hexavalent Chromium 
PCB 
Hexachlorocyclohexane 
Heptachlor 
Chlordanes 
DDT and analogs 
Dieldrin 
Endrin 
trans-Nonachlor 
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Air Pollution 
Sulfur Dioxide 
Carbon Monoxide 
Nitrogen Oxides 
Ozone 
Lead 
Sulfates 
Nitrates 
Copper 
Iron 
Manganese 
Toluene 
Benzene 
Xylenes 
Acetone 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Nickel 
Mineral Spirits 
Hexane 
Isopentane 
Isopropyl Alcohol 
Naphtha 
Methyl Ethyl Ketone 
Methanol 
Methylene Chloride 
Phenol 
Thirty-one operating or retired landfills and waste handling 
facilities were identified and are shown in figure 6. Six of these 
sites are known to have accepted hazardous waste, and three facIlities 
have acted as treatment centers or transfer stations for wastes enroute 
to hazardous waste disposal sites. As several of the facilities have 
operated illegally, the chemical nature and amount of the wastes they 
contain are unknown. The report includes detailed suggestions for 
alternatives to landfilling. 
Soil and ground-water samples from 21 augered bore-holes were 
collected for analysis of trace metal and organic content. Because 
standards for allowable trace metal content in soils do not exist, 
metal concentrations in samples from depths of 6 inches, 2 feet, and 10 
feet at each location were compared with documented metal 
concentrations in soils around the world. Cadmium, chromium, 
manganese, selenium, and zinc were found to exceed worldwide averages 
in one or more of the sampling localities. Trace metals in ground 
water were compared to IEPA water quality standards, and concentrations 
of iron, manganese, and silver were found to exceed the limits. 
Organic constituents were not found in soil samples, but benzene, 
toluene, xylene, ethylbenzene pyridine, me thylpyridine, and 
dibutylphthalate were present in several of the ground-water samples. 
The overall consensus of this work was that contamination in the Lake 
Calumet area does not pose a serious health hazard. However, because 
sampling was done primarily at state or city owned properties, the IEPA 
recognized that many localized, highly contaminated areas were not 
found. 
Surface water quality data, routinely monitored by IEPA and the 
GCMSD, were also compiled and evaluated in the IEPA report. Levels of 
ammonia, fecal material, lead, zinc, and dissolved oxygen violated 
standard allowable limits in the Calumet River several times during the 
1970s. However, significant decreases in concentrations of cyanide and 
total suspended solids over the period 1970 to 1981 were also 
documented. The quality of water discharging from Lake Calumet to the 
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Calumet River was described as "good," with variable conditions in the 
lake believed to be a function of local influences. 
Air quality, monitored by state and local officials since the 
early 1960s for total suspended particulate (TSP) , and monitored more 
recently for nitrite, ozone, and sulfur dioxide, were also evaluated at 
several sites. TSP concentrations generally have been on the decline 
since 1976, but they remain in excess of standard levels at some 
locations. Concentrations of lead violated standards in 1976, but 
sulfur dioxide has remained below allowable limits. Ozone has exceeded 
the standard in some years. Nitrite generally is found in lower 
concentrations than in some other parts of Cook County. 
A compilation of previous studies on cancer mortality rates 
concluded that a higher incidence of cancer exists in the Lake Calumet 
area than in other parts of Chicago. Lung, bladder, and prostrate 
cancers had higher incidences at certain locations in the study area. 
The IEPA report states that the excess cancers cannot be blamed solely 
on exposure to polluted air or water since a number of factors were not 
considered in the study. The study did not include an evaluation of 
those patients whose cancer was not diagnosed as fatal. However, 
strong suspicion remains that the higher incidence of cancer is 
partially related to the large volumes of hazardous wastes in the area. 
In its conclusion, the IEPA report described air, land, and water 
quality as "good." It was further stated, however, that although 
individual facilities may comply with current standards, the density of 
contaminant sources poses an environmental problem. The problem of 
understanding the threat of contamination is compounded by the fact 
that little is known about the long-term effects of exposure to such 
concentrations of pollutants. Eleven recommendations for further study 
were made based on these conclusions, which called for a more thorough 
understanding of existing conditions and the potential threat to human 
health. 
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Illinois Hazardous Waste Research and Information Center Assessment 
The most detailed assessment of the contaminant conditions in the 
Lake Calumet area was made by Ross et al. (1988). This study, 
sponsored by the Illinois Hazardous Waste Research and Information 
Center, considered biological, chemical, and physical processes 
affecting the distribution of contaminants in and around Lake Calumet. 
The report described transport processes and the distribution of 
contaminants, and discussed an investigation of the fugacity of 
selected compounds in the sediment and water, determination of 
microbial degradation rates of toxic organic compounds, estimation of 
metal bioaccumulation rates, and assessment of overall toxicity levels. 
Seven individual studies were compiled and evaluated in the report, and 
recommendations for further research were made. 
Sediment chemistry was determined from 37 stations in Lake Calumet 
for 44 major, minor, and trace elements, as well as total organic 
carbon, polycyclic aromatics, and chloro-, nitro-, and methyl-phenols. 
The average concentrations of elements of geochemical or environmental 
interest are shown in Table 2 for six locations within the drainage 
basin. The Calumet Sag Channel contains the highest concentrations of 
most of these elements, but Lake Calumet proper contains the highest 
amount of arsenic and second-highest concentrations of chromium (Ross 
et al., 1988). The report discusses the distribution of sediments in 
detail and speculates on the chemical and physical processes affecting 
the occurrence of each. The sources of the elements and materials with 
which they are likely to be associated are presented in Table 3. 
Physical transport processes were evaluated through definition of 
the drainage pattern around the lake· and the flow pattern and movement 
of sediments and pollutants in the lake. It was reported that all 
drainage to the lake is from man-made canals and sewers which carry 
entrained sediment and contaminants. The canals and sewers typically 
receive runoff from Interstate 94 and nearby industrial areas and 
landfill sites. The general direction of flow within the lake is 
toward the Calumet River (see figure 7); however, pulses in the reverse 
direction caused by wind-induced circulation were observed to transport 
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Table 2. Average Concentrations (in ppm unless otherwise noted) of 
Selected Elements in Sediments of Lake Calumet and in Sediments of 
Surrounding Water Systems (from Ross et al., 1988) 
Lake Calumet Lillle lake Cal· Sag Wolf-
ElemenlS Calumet Harbor Cal. River Michigan Channel Lake 
Antimony 2.4 1.1 
Arsenic 29.8 6.2 5.5 10.5 15 21 
Bromine 4.2 33.0 
Cadmium 1.8 3.2 2.5 0.9 8.5 2.0 
Chromium 76.7 46.0 66 46.0 105.0 18.0 
Copper 57.5 44 88 22.0 125.0 27.0 
Iron (%) 2.7 2.9 2.2 3.4 1.5 
Lead 187.0 144 190.0 40 370.0 110.0 
Nickel 23.6 24 
Phosphorus 20.0 20.6 130.0 70.0 300.0 36.0 
Selenium 0.7 1.2 
Silver (Ppb) 561.0 460.0 
Sodium 470.0 458.0 
Thallium 6.2 
Zinc 341.0 268.0 375.0 97.0 1100.0 255.0 
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Table 3. Factor Analyses of Elements in Lake Calumet Sediments 
(from Ross et al., 1988) 
FACTOR BLEMBNTS SOURCB ASSOCIATION 
1 Al,B,Ce,Co,Cs,Eu.Ga,K, Soil erosion Fine grained 
La.Li.Lu,Rb.Sc.Sm. material 
Ta,1b.'Ib,Ti.V,Yb 
2 Br,Ca,C-total,C-inorg. Anthropogenic F'tne grained 
C-org,Cr,Mn,Mo,Ni,Sb material 
Sr.zn, 
3 As,Cu~ .Pb,Sn Anthropogenic Industrial, 
Biocldts 
4 Fe,W Anthropogenic Sreet production 
S Mg Anthropogenic Slag weathtzing 
sediment and contaminants throughout the lake. Observations indicate 
that resuspenslon of bottom materials is a significant mechanism of 
contaminant transport in Lake Calumet. 
The chemical transport processes for contaminants between 
different phases (e.g., sediment and water) were predicted through an 
assessment of the chemical availability of compounds. Estimates of 
loss rates for toxics from the waters of Lake Calumet to the atmosphere 
indicated that one-third of the polychlorobiphenyls (PCBs) were able to 
evaporate, partition, or be absorbed by organisms. The availabilities 
of compounds were found to be lower in the sediments than in the water, 
suggesting that toxics are transported into, rather than out of, the 
sediments. 
Levels of methane produced by organisms in sediment were measured 
to determine (1) the extent of anaerobic degradation of compounds by 
microbial processes, (2) the overall population size of the microbial 
community, and (3) the fate of specific contaminants upon degradation 
by microbes. The data indicate that microbial degradation is actively 
occurring in the anaerobic sediments and that bacterial populations and 
organic carbon are in balance. It could not be concluded which 
compounds are being degraded, and further laboratory experiments are 
being conducted on this subject. 
Wetlands in the area support a population of macrophyte species 
that have been documented as accumulators of heavy metals. The 
biological uptake and release of heavy metals, PCBs, and organic 
pesticides by these plants was studied to determine what concentrations 
of the toxic substances are present in the sediments they inhabit. 
Concentrations within macrophytes also are being compared to help 
delineate the types and amounts of certain entrained chemicals. 
Three single-species toxicity assays were conducted to define the 
effects of toxicity on microbial, epifaunal, and planktonic organisms. 
This ecotoxicological assessment was performed using marine bacteria, 
freshwater green algae, and free-living nematode worms. In 57 percent 
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of the stations studied, sediment substrates were found to be highly 
toxic to these organisms. All other stations contained substrates 
considered moderately toxic (Ross et al., 1988). 
Ross et al. (1988) described Lake Calumet as an extremely 
disturbed system on which further study should be focused. The report 
recommends continued chemical and toxicological analysis of surface 
sediment and collection of resuspended sediment, coring of sediment as 
a means of detecting historical contaminant loading, and an assessment 
of contaminant input from ground water. The research conducted by Ross 
et al. (1988) did not focus on ground water or include any ground-
water sampling. 
Other Studies and Sources of Information 
A growing public concern about health and environmental threats in 
the Lake Calumet area has been documented in a six-part newspaper 
series published by the Chicago Sun-Times (Nelson, 1987). This series 
cited investigations and reports, and discussed cleanup procedures 
conducted by various government agencies. Studies by the USEPA and 
IEPA, GCMSD, U.S. Occupational Safety and Health Administration, and 
Illinois Public Health Department were referenced. These studies may 
provide additional background information on which to base a 
comprehensive ground-water study in the Lake Calumet area. 
Information on toxic chemicals in water wells at nearby homes and a 
local forest preserve may also prove useful. Nelson (1987) identified 
a number of contaminant-related health problems in the Lake Calumet 
area. A medical clinic located near one of the sludge-drying 
facilities, for instance, has reported treating an increased number of 
patients with respiratory illnesses in recent years. Over 150 patients 
have responded to questionnaires distributed by the clinic with 
complaints of eye tearing, vomiting, and choking in response to noxious 
odors. Lead poisoning has also been documented in the area. 
Other potential sources of information pertaining to ground-water 
quality and/or hazardous waste handling and disposal in the Lake 
Calumet area include: 
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1. U.S. Army Corps of Engineers 
2. Port Authority of Chicago 
3. Illinois Department of Public Health 
4. Illinois Pollution Control Board 
5. Northern Illinois Planning Commission 
6. Citizens for a Better Environment 
7. Local area government units 
8. City of Chicago Environmental Committee 
In this proposed stu~y, these sources, along with the results of 
current research being supported by the HWRIC, will be evaluated for 
their potential contribution to understanding the extent and magnitude 
of ground-water contamination in the Lake Calumet area. 
26 
EXISTING GROUND-VATER. QUALITY R.EGOLATORY FRAKEWRK 
The following discussion briefly describes the regulatory 
framework for ground-water quality protection and enhancement in the 
Lake Calumet area. For several reasons, knowledge of the regulatory 
framework is important in designing a ground-water monitoring network. 
First, the distribution of regulated facilities may give an indication 
uf the sources of contaminants. Second, ground-water monitoring is 
often included in site-specific regulatory requirements. Consequently, 
chemical analyses sometimes are available to facilitate regional 
ground-water quality characterization. The wells used for regulatory 
compliance monitoring also may be available for additional sampling and 
analysis. 
Resource Conservation and Recovery Act (RCRA) 
The federal RCRA program, instituted in 1974 and amended in 1980, 
came into existence long after many sites were operating in the Lake 
Calumet area. Active sites were given interim permission to continue 
to function while applying for detailed permits. At the time these 
regulations were promulgated, most industries still disposed of their 
wastes on-site and were unregulated. The regulations have caused few 
sites to close, as most small industries have chosen to dispose of 
their wastes through licensed, regulated disposal facilities. Although 
the potential for contamination from these sites has been reduced, it 
is likely that pre-regulatory activities at these sites caused some 
contamination of the immediate environment and possibly the ground 
water. 
There are seven RCRA sites in an approximately SO-square-mi1e area 
centered at Lake Calumet. Information on these sites is available at 
the Illinois State Water Survey (ISWS) and at the HWRIC, as well as 
from the IEPA. In 1986 and 1987, the ISWS established a computer 
database of the results of chemical analyses of ground-water samples 
taken from monitoring wells at RCRA-regulated sites in Illinois. The 
database contains information on the chemistries, the compliance 
standards, and the sampling cycles for the various regulated 
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facilities. The HWRIC keeps a current version of the RCRA site 
inventory, which is maintained by the IEPA. That file lists location 
and history for each of the RCRA-regulated sites, as well as the wastes 
reported to be present at the sites. The IEPA maintains paper files on 
each of the sites regulated by the RCRA and state programs. These 
files frequently contain maps of the sites showing monitofing locations 
and points (such'as at impoundments, wells, and waste piles) where 
contaminants might be entering the environment. 
The Comprehensive Enviromaental Response, Compensation 
and Liability Act (CERCIA) - Superfund 
The federal CERCLA program,better known as Superfund, was started 
in 1981. This Act regulates the review and cleanup of inactive sites 
and closed sites which formerly handled hazardous wastes. Some of 
these sites were active long enough ago 'that the responsible parties 
cannot be determined or found. Sites which qualify for remedial action 
with CERCLA funding are on the National Priorities List (NPL). The NPL 
includes those sites which have been screened by the USEPA method for 
hazard ranking. Once a site has been screened preliminarily and scored 
with a hazard ranking of greater than 28.5 out of a possible 38, it is 
placed on the NPL. No NPL sites presently exist within the Lake 
Calumet area, although several sites are being considered for listing. 
An often-discussed problem related to this process concerns the 
contamination which is taking place during the years of review, 
litigation, and study. Sites which eventually are added to the 
Superfund list, and those which do not make the federal list but are 
alternatively placed under the state programs, may continue to 
seriously contaminate the environment while in litigation. 
State and Local Progr811S 
Federal programs which are applicable to all the states sometimes 
are not inclusive enough to satisfy individual state needs. Y'here such 
instances occur, state or local statutory rules and regulations have 
been promulgated. Frequently these programs mirror the federal 
regulations with only a few more stringent criteria and specific 
details tailored to the unique conditions of the state. 
28 
The IEPA administers the Immediate Removal Program (IRP) for sites 
in Illinois which are not covered by RCRA or Superfund, but which the 
state feels pose severe enough problems to the environment to warrant 
removal of the site materials. Presently, there is one IRP site in the 
Lake Calumet area, the Paxton Lagoons site on ll9th Street. 
The GCMSD tracks and monitors those industrial sites which 
discharge effluent waters into the sewer system of the greater Chicago 
area. The GCMSD also monitors their own landfills and sludge drying 
areas. The GCMSD has recently completed a study of heavy metal 
leachate from their sludge drying areas. These data will be requested 
and will be reviewed if they are made available. 
The IEPA maintains the State Remedial Action Priorities List 
(SRAPL), which is a program for tracking and monitoring sites in 
Illinois that are not regulated by Superfund. These sites were scored 
with a hazardous ranking of 10.5 or greater on the USEPA scheme. This 
rank does not qualify the site for the Superfund list, but it is 
considered serious enough by the state to be dealt with by state funds. 
The IEPA presently lists one SRAPL site in the Lake Calumet area, the 
u.S. Drum site on l19th Street. 
For the comprehensive ,evaluation of ground-water quality in the 
Lake Calumet area, the IEPA will provide a current version of the 
CERCLIS. This is a comprehensive list of all the sites which are under 
consideration for SRAPL, lRP, or NPL. 
The HWRlC funded the creation of a landfill inventory database 
that includes currently active landfills and those known to be closed 
or abandoned. It lists the name, location, ownership, and site 
information for each landfill. The landfill inventory also lists the 
regulations under which each site is or was operated and the agencies 
that maintain information about the site. There are at least 31 sites 
of this type in the Lake Calumet area. A current listing of all the 
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information pertaining to the study area will be obtained from the 
HWRIC. 
Current landfills are regulated under RCRA and GCMSD programs. 
The validity of some monitoring systems is in question because 
monitoring wells may be positioned such that contaminated ground water 
would not be detected. In 1986, the Illinois State Geologic Survey 
assessed the accuracy of the monitoring systems at ten landfill sites 
(Herzog, in press). The study revealed several ineffective monitoring 
systems in which monitoring wells were installed at inappropriate 
locations or depths. 
PROBLF.K IDENTIFICATION 
The various approaches to characterizing ground-water phenomena, 
particularly ground:"water quality, are collectively referred to as 
ground-water monitoring (Canter et al., 1987). This program focuses on 
ground-water monitoring in the sense of extracting a sample of fluid 
from the earth and analyzing that fluid sample for its chemical 
components. The method of sampling and the types of chemical analyses 
will vary depending on the physical characteristics of the subsurface 
environment, the suspected chemical composition of the sample, and the 
purpose for which the sample was collected (Cartwright and Shafer, 
1987). 
However, sample collection and analysis are only part of the total 
program. Before these concepts of ground-water monitoring can evolve 
into successful data gathering, three primary issues must be addressed. 
First, the monitoring program must be designed. This task involves 
determining the number, types, and locations of the wells (both 
geographic and geologic), and the chemical constituents to be 
determined. Second, the operational aspects of data collection must be 
developed, including sampling frequency (Wood et al., 1984). Although 
the design task and the operation task are described here only briefly, 
their importance is paramount to achieving a ground-water quality 
monitoring program that is both effective and efficient. An effective 
and efficient monitoring program is one which meets its intended 
objectives at a reasonable cost. Finally, the reSUlting information 
must be evaluated with respect to the program goals. 
Before the design task of developing a ground-water monitoring 
program can begin, the objectives of the program should be clearly 
understood. Although the scientific literature is replete with 
articles on the mechanics of ground-water sampling and laboratory 
procedures, the purposes for sampling ground-water quality ~re little 
discussed. Yet not only does the purpose of sampling influence the 
sampling and analytical methodology, it also governs the sampling 
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pattern, depth of extraction of samples, and the number of wells 
(Cartwright and Shafer, 1987). 
According to the recent report by the Joint Committee on Hazardous 
Waste in the Lake Calumet Area (1987), ground water in the Lake Calumet 
area has been monitored (for various reasons) on a regular basis. The 
Committee found, however, that the results have been limited and 
inconclusive. The Joint Committee report states that no analysis has 
been made of the current ground-water quality conditions in the area, 
how contamination occurred, or what its impact may be. Any new ground-
water monitoring efforts in the Lake Calumet area must address these 
concerns. 
The following specific problems related to understanding and 
characterizing the ground-water quality in the Lake Calumet area have 
been recognized. 
1. Lack of a good conceptual understanding of the ground-water system 
in the Lake Calumet area. In order to design a ground-water monitoring 
program that is effective, as well as efficient, the ground-water 
system to be monitored must be well-understood. A good conceptual 
understanding of the ground-water system in the Lake Calumet area 
embodies assumptions related to its geometry, geologic material 
properties, mode of flow, types of boundaries, points of withdrawal, 
recharge, sources of contaminants, transport properties, etc. These 
assumptions, which express an approximate understanding of the nature 
of the ground-water system and its behavior, provide the conceptual 
basis on which to design data gathering (i.e., monitoring) programs. 
The better the conceptual understanding of the ground-water system of 
interest, the greater the likelihood that the monitoring program will 
meet its intended objective(s). 
2. Lack of sufficient characterization of existing ground-water quality 
in the Lake Calumet area. Ground-water sampling and analyses that have 
been performed in the recent past have not been designed to address the 
question of the existing regional ground-water quality in the Lake 
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Calumet area. Past monitoring efforts have focused on suspected 
problems or have lacked suitable spatial coverage to adequately 
characterize ground-water quality throughout the entire Lake Calumet 
area. Further, periodic sampling has been limited and the chemical 
analyses have been inconsistent and incomplete. 
3. Lack of understanding regarding the physical interaction of ground 
water in the Lake Calumet area with Lake Calumet and Lake Michigan. 
There is growing concern that degraded ground-water quality in the Lake 
Calumet area may be affecting water quality in Lake Calumet and Lake 
Michigan. The impact of ground-water quality on the water quality of 
surface water in the area is directly dependent on the amount of 
interaction between ground water and surface water. However, the 
hydraulic connectivity between the ground-water system(~) in the Lake 
Calumet area and nearby surface water bodies is unknown. 
4. Insufficiency of the existing regulatory framework to protect and 
enhance ground-water quality in the Lake Calumet area. Regulatory 
mechanisms for protecting ground water in the Lake Calumet area appear 
to be inadequate and/or ineffective. In some cases, permitting 
processes are too lax, while in other instances facility siting 
restrictions have been disregarded. 
Seeking solutions to these four primary problems regarding ground 
water in the Lake Calumet area is the motivation for development of 
this comprehensive plan of study. To ensure that the results of any 
new ground-water monitoring activities are truly useful, the design of 
the monitoring program must be based on a thorough review of existing 
information pertaining to ground-water conditions in the area. 
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OBJECfIVES 
The ultimate goal of this proposed study is to enhance the 
understanding of the occurrence, transport, and fate of contaminants in 
the ground water of the Lake Calumet area. This goal will be reached 
through a vigorous research program consisting of field investigations 
and ground-water quality monitoring. This study not only will result 
in the establishment of a long-term ground-water monitoring network in 
southeast Chicago, but also will help provide an objective measure of 
the impact of past, present, and future ground-water contamination on 
surrounding areas and Lake Michigan. 
The Ground-Water Section of the Illinois State Water Survey, in 
association with the Illinois Hazardous Waste Research and Information 
Center, proposes to conduct a comprehensive study of ground-water 
conditions in the Lake Calumet area-. There are six primary objectives 
for this study: 
Objective 1: Assiailation of existing information on geology, 
hydrology, aild ground-water quality into a conceptual aodel of the Lake 
Calumet area ground-water systea. This objective is crucial to the 
overall success of any ground-water study. It will provide the 
foundation for the design of the ground-water monitoring program. 
Objective 2: Evaluation of deficiencies in understanding of the current 
situation regarding the extent and aagnitude of interactions between 
ground vater in the area and surface water bodies, especially Lake 
Michigan. One apparent deficiency is the lack of information 
concerning the direction and rate of shallow ground-water movement in 
the Lake Calumet area. An inventory of all identifiable potential 
sources of contamination will be an important aspect of the efforts 
related to this objective. 
Objective 3: Developaent and t.pla.entation of data collection 
activities. The monitoring program will be designed to close the gaps 
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in understanding of existing ground-water quality and ground-water -
surface water interactions. The design for the ground-water quality 
monitoring program will include consideration of the number of wells to 
be installed, their locations and depths, water quality constituents to 
be determined, sampling frequency, archiving of data, etc. Data 
gathered during the first 18 months of monitoring will aid the 
determination of the impact of ground-water quality in the area on the 
quality of surface waters. Additional information, such as on ground-
water levels, aquifer properties, and seepage estimates, also will be 
collected. 
Objective 4: Refinement of the conceptual .ade1. The conceptual model 
will integrate all the various aspects of the ground-water system into 
one consistent set of assumptions. The evolution of a representative 
conceptual model of the Lake Calumet ground-water system is extremely 
important to the realistic understanding of the transport and ultimate 
fate of contaminants in Lake Calumet area ground water. Data resulting 
from the initial implementation of the monitoring program will provide 
the basis for finalizing the conceptual model of the area. 
Objective 5: Prediction of the transport and fate of contaminants in 
ground water in the Lake Ca1u.et area. Determination of the impact of 
ground-water quality in the Lake Calumet area on surface waters, such 
as Lake Michigan, requires an ability to predict how and where 
contaminants are moving in the ground-water system, and how they are 
being transformed along the way. In addition, development of effective 
protective mechanisms necessitates prediction of the movement of 
contaminants into, through, and possibly out of the ground-water 
system. 
Objective 6: Reca..endations for changes in regulatory practices to 
aitigate negative t.pacts of degradedgroUDd-water quality in the Lake 
Ca1u.et area. The research and field investigations to be conducted 
under this comprehensive plan will culminate in recommendation of 
specific mitigative, nonregulatory, and regulatory provisions to 
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improve the long-term prospects for management of ground-water quality 
in the area. 
Accomplishment of all six objectives is essential to the 
achievement of the overall goal of a comprehensive evaluation of the 
occurrence, transport, and fate of contaminants in Lake Calumet area 
ground water. It is important to note that while the establishment of 
a ground-water monitoring network is an integral part of this proposed 
effort, collection of ground-water quality data alone does not solve 
the problems at hand. The network design must be based on the most in-
depth understanding of the existing situation that can be reasonably 
developed, and the reSUlting data must be evaluated within a scientific 
framework. Complex environmental problems, such as those existing in 
the Lake Calumet area, should be addressed systematically to insure 
well-conceived, effective solutions. The study plan represented by 
this proposal adheres to this systems approach philosophy. 
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APPROACH 
The approach proposed for a comprehensive evaluation of the 
occurrence, transport, and fate of ground-water contamination in the 
Lake Calumet area of southeast Chicago is task-oriented. A mUltiple 
task structure has several advantages, particularly related to the 
management of such a complex study. Task-level organization is 
especially conducive to efficient field data gathering, because each 
task requiring field activities can be approached somewhat 
independently with regard to timing and personnel requirements. 
Further, overall progress can be more easily measured by tracking 
individual task accomplishments .. 
Fifteen primary tasks comprise the strategy for studying Lake. 
Calumet area ground water and developing a ground-water monitoring 
network. The tasks are described in the following paragraphs. 
Task 1: Compile existing information. The initial effort will be to 
gather all relevant information. This information will include data 
generated through RCRA-related activities, Superfund (NPL) data, data 
available from private wells in the vicinity, landfill inventory data, 
data from ground-water studies that have been completed, and data 
available through the GCMSD, IEPA, and other identified sources. 
Information on chemical spills and major chemical usage in the area 
will be compiled, as available. Ground-water use in the area will also 
be estimated. Regional and local hydrogeologic data will be gathered 
from well logs and other sources that may be available. The importance 
of assembling all known information about the study area cannot be 
over-emphasized. This effort will provide the understanding required 
to design an effective monitoring strategy. 
Task 2: Review geologic information available for the study area. A 
significant contribution to the development of an accurate conceptual 
model of the study area will be a thorough review of all available 
information pertaining to the geology underlying southeast Chicago. 
Geologic cross-sections will be constructed from the available 
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information on subsurface lithology. Cross sections will be updated 
with greater detail as site-specific information is collected. The 
determination of the interaction of surface water and ground water in 
the study area will require detailed information on the inter-
relationships of water-bearing strata. The evaluation of the transport 
of contaminants in the ground water also will depend on this 
information. 
Task 3: Conduct visual surveys of the study area. As the existing data 
are being compiled, and following the preliminary inventory of water 
supply wells in the study area, site surveys will be made by the 
project team to gain direct familiarity with the area. Visual surveys 
are valuable for defining site boundaries and current drainage 
patterns, and for developing a conceptual understanding of the area. 
The survey also will provide visual verification of some of the 
elements to be incorporated into an automated database (see Task 5) .. 
Task 4: Delineate the boundaries of the study area. Ground-water 
systems seldom conform to political boundaries or to a network of 
transportation features. For this reason, it will be important to the 
success of this study to determine the hydrogeologic extent (both 
horizontally and vertically) of the ground-water system in the Lake 
Calumet area. From the data compiled during Tasks 1 and 2, the major 
aquifers of concern, and their spatial relationships, will be 
identified. 
Task 5: Develop a database. base II&ps. and geographic inforll&tion 
syste. (GIS) coverages of spatially distributed information. A key 
component of this study is the development of an automated database of 
ground-water and related information. The database will serve both the 
purposes of this project and future ground-water quality management 
efforts. In order to visually interpret the information, the database 
will be developed in a GIS framework. Broten et a1. (1987) 
demonstrated the application of a GIS approach to the management of 
ground-water contamination problems in the San Gabriel Basin in 
southern California. This methodology is extremely useful for 
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assimilating diverse data into a comprehensive spatial repreSentation 
of features and potentially contaminating activities. 
Task 6: IdentifY existing wells. This is sufficiently important to be 
included in the scope of effort independent of Task 1. An attempt will 
be made to identify all water supply wells, public and private, located 
within the study area. Illinois State Water Survey and State 
Geological Survey records, as well as public notices, will be used to 
locate wells. This approach has been successfully used in other 
studies of a similar nature. Inventorying the wells is necessary for 
two principal reasons. First, some of the wells, depending on the 
support information available for them, particularly regarding their 
depths, may be suitable for water quality sampling for either a 
reconnaissance level investigation or for inclusion in the monitoring 
network. Second, in order to estimate the amount of ground-water usage 
and potential contaminant migration pathways, the points and amounts of 
withdrawal must be identified. 
Task 7: Develop a conceptual model of the ground-water system in the 
study area. A key factor in designing an effective and efficient 
ground-water monitoring program is the level to which the system to be 
monitored is understood. This task assimilates all the diverse 
information pertaining to geologic properties, aquifer extent, ground-
water usage, known incidences of contamination, potential for 
contamination, etc., into a logical set of assumptions regarding the 
behavior of the ground-water system. The conceptual model will be used 
to guide the design of the monitoring program and to estimate the 
impacts of ground-water quality in the area on neighboring surface 
waters. 
Task 8: Develop scenarios for ground-water contamination consistent 
with the conceptual .odel. Specific scenarios for subsurface migration 
of contaminants will be developed. These scenarios will be based on, 
and consistent with, the conceptual model of the ground-water system in 
the Lake Calumet area. They will be used to guide decisions regarding 
appropriate geographic locations and vertical elevations for monitoring 
ground-water quality throughout the study area. 
Task 9: Design and iJlpleaent a ground-water lIOnitoring program. This 
task integrates the conceptual model with the contaminant movement 
scenarios in the design of a comprehensive monitoring program. 
Consideration will be given to well locations and sampling intervals 
(i.e., depths), well construction specifications, analytes to be 
determined, sampling frequency, etc. In addition to the ground-water 
quality monitoring network, this task will involve water level 
observations, aquifer properties testing, and seepage measurements in 
Lake Calumet. This task also includes installation of dedicated 
monitoring wells where suitable wells currently do not exist. 
Depending on the magnitude of effort required to install the 
monitoring network, some of the effort will be staged, thereby allowing 
other data gathering activities to be interspersed with well 
construction efforts. Continuous recording devices may be installed 
for some extended, unattended data acquisition, particularly for 
climatological and water level observations. 
There is speculation that ground water may be affecting the water 
quality of Lake Calumet. Although it seems doubtful that this 
condition could be occurring at a level of significance, seepage 
experiments will help confirm or deny this hypothesis. The results of 
the seepage experiments will be valuable in determining a water budget 
for Lake Calumet and in calibrating the digital model of the ground-
water flow system in the study area. 
Task 10: Deteraine the spatial variability of specific chemical 
constituents in the study-area ground water. Geostatistical techniques 
for estimating the regional dis~ribution of contaminants in Lake 
Calumet area ground water will be developed. Geostatistics is 
increasingly being recognized as a useful tool for interpreting 
spatially correlated data such as those on ground-water quality. The 
results of such an analysis provide contour maps of anticipated 
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concentrations of the chemical parameters under investigation. In 
addition, geostatistica1 approaches include estimates of the errors in 
predicting ground-water quality at any specific location. Conse-
quently, the results can be used to guide the placement of additional 
wells to reduce the error of ground-water quality estimation. 
Geostatistica1 analyses of the water quality data also can aid in the 
verification of suspected "hot spots" or contaminant source areas. 
Task 11: Construct water level maps. A routine procedure will be 
developed for the periodic mapping of water level contours throughout 
the study area. This information will be important to understanding 
the dynamics of the ground-water system and the movement of 
contaminants with the ground water. Water level maps will be required 
on at least a seasonal basis, and preferably at monthly intervals. 
Task.12: Develop a digital model of ground-water flow in the study 
area. An important aspect of this proposed study is the development of 
a representative mathematical model of ground-water movement in the 
study area. The model will provide information to aid in determining 
the influence of ground water on Lake Calumet and Lake Michigan, and in 
predicting the outcomes and impacts of ground-water management options. 
Perhaps most importantly, the model of ground-water movement will 
provide the foundation on which to base the understanding of the 
transport and fate of contaminants in Lake Calumet area ground water. 
Task 13: Predict the fate of contaainants in ground water in the study 
area. The major goal of this project is embodied in this task. Early 
results of the monitoring program will be integrated with the knowledge 
of the movement of ground water in the Lake Calumet area and with the 
conceptual model to predict the fate of contaminants. Physical, 
chemical, and biological phenomena which affect contaminant transport 
and transformation will be considered in the prediction. 
Task 14: Evaluate regulatory practices. The effectiveness of current 
regulatory practices pertaining to hazardous substances and ground 
water in the area will be evaluated in light of the fate of 
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contaminants predicted in the previous task. Inadequacies in 
regulatory practices will be identified. 
Task 15: Develop recommendations. A series of issues, with 
recommendations, will be developed at the conclusion of the study. 
These recommendations will address the' issues raised by the Joint 
Committee as well as issues raised during the evaluation of regulatory 
practices. Recommendations for the continuous operation of the 
monitoring network and reporting of results also will be made. 
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Lake Calumet Ground-Water Study Schedule 
Tasks 
1 Compfle Existing Data 
2 Review Geologic Information 
3 Conduct Visual Surveys 
4 Delineate Study Boundary 
5 Develop Database 
G Identify Existing Wells 
7 Construct Conceptual Model 
8 Develop Contamination Scenarios 
9 Design/Implement Monitoring 
.ID Develop Geostatistlcal Model 
11 Construct Water Level Maps 
12 Develop Digital Model 
13 Predict Fate of Contaminants 
14 Evaluate Regulatory Practices 
15 Develop Recommendations 
1 
~ 
-
.. 
Milestones: 1 - Report on Initial Findings 
2 
1 
2 - Report on Monitoring Program Design 
Year 
" 
4 
2 3 
3 - Interim Report 
.4 - Final Report 
!) 
4 
-
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DELIVERABLES 
As indicated in the schedule, apart from the installed ground-
water quality monitoring program, there will be four distinct 
deliverable items resulting from this study. First, a report will be 
produced that completely describes the background data-gathering 
efforts and the conceptual model of the Lake Calumet area ground-water 
system. This will include detailed information on what is known 
regarding ground water in the study area in terms of distribution and 
quality. This report will also contain the results of the GIS database 
initiation, including potential sources of ground-water contamination 
and types of hazardous wastes. This initia~ report of findings will be 
presented during, or before, Month 18 of the project. 
A second report will be prepared that describes the ground-water 
monitoring program for the Lake Calumet area. This report will include 
such details as the locations of sampling wells and piezometers, 
constituents to be determined, sampling and laboratory protocols, 
sampling frequency, reporting procedures, etc. This report will be 
presented during, or before, Month 30 of the project. 
A third, or interim, report will be prepared to document the early 
results of data collection efforts, i.e., ope~ation of the monitoring 
program. The data presented in the interim report will be used to 
calibrate the ground-water flow model and to predict the transport and 
fate of contaminants in the ground water. This report will be 
completed during the 42nd month of the study. 
A final completion report will be written at the end of the 
project that summarizes the entire effort and presents the results of 
the modeling activities. The final report will contain the evaluation 
of the deficiencies in the regulatory framework, as well as 
recommendations. 
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ESTIMATED COSTS 
The cost of the entire project, including installation of the 
ground-water quality monitoring network, is estimated for each of the 
five years. Factors affecting the ranges of annual costs presented 
below include number of wells installed, type and cost of well 
construction materials, laboratory analytical costs, and level of 
personnel services required to complete various tasks. 
YEAR 
1 
2 
3 
4 
_5_ 
TOTAL 
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$ RANGE 
50,000 
300,000 
300,000 
200,000 
150.000 
1,000,000 
75,000 
400,000 
475,000 
300,000 
250.000 
- 1,500,000 
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